Background: Although the Medical Priority Dispatch System (MPDS) is widely used by emergency medical services (EMS) dispatchers to determine dispatch priority, there is little evidence that it reflects patient acuity. The Canadian Triage and Acuity Scale (CTAS) is a standard patient acuity scale widely used by Canadian emergency departments and EMS systems to prioritize patient care requirements.
T he Medical Priority Dispatch System (MPDS, Priority Dispatch Corporation, Version 11.1, Salt Lake City, UT) consists of 33 protocols that are widely used by more than 2,300 emergency medical services (EMS) agencies (Greg Scott, Priority Dispatch Corporation, personal communication, 2005) to interrogate 9-1-1 callers, provide prearrival instructions, determine incident priority, and assign appropriate resources to the call. However, a recent systematic review found that there was very little high-quality literature on criteria-based dispatch protocols. Only two articles in this review concluded that dispatch protocols improved patient outcome (in one case, by increasing rates of bystander cardiopulmonary resuscitation). 1, 2 Although MPDS has been reported to decrease advanced life support (ALS) ambulance utilization, 3 it is unclear whether scripted interrogation protocols can accurately identify acuity of illness or injury. 4, 5 A recent conference on development of criteria to define medical necessity in EMS highlighted the need to develop outcome-based benchmarks for dispatch protocols.
The MPDS dispatch priority consists of a five-point nonlinear scale that is used to determine resource allocation to calls. After asking several case-entry questions, the dispatcher identifies the type of call described by the 9-1-1 caller and uses an appropriate protocol for that call type. Although MPDS is a tool for determining which types of EMS units to send to a call, in general terms, a higher dispatch priority represents a suspected higher severity of illness or injury. Specific resources sent to each type of call may vary depending on the type of responders available in different EMS systems. In our jurisdiction (Toronto, Ontario, Canada), Alpha and Bravo calls represent routine or so-called cold responses by basic life support (BLS) units, whereas Charlie, Delta, and Echo calls are progressively more urgent calls requiring ALS ambulances. Types of responders and target response intervals used in Toronto for each MPDS priority are shown in Table 1 .
As with MPDS, the Canadian Triage and Acuity Scale (CTAS) is a five-level ordinal scale. It was originally developed for use by emergency departments (EDs) to classify patient acuity with respect to target time interval to be seen by a physician. 7 Use of CTAS is nearly universal in Canadian EDs. In Ontario, a large province with a population of more than 12 million, CTAS is used by all 167 EDs (Dr. Michael Schull, Institute for Clinical and Evaluative Sciences, personal communication, 2005). CTAS has been shown to predict the need for laboratory testing and correlates with ED length of stay, 8, 9 the need for radiographic studies, 9, 10 and hospital admission rates from the ED. 9, 11 Definitions of the CTAS levels are shown in Table 2 .
All Ontario emergency medical technicians (EMTs) and paramedics (EMT-Ps) are trained to determine patient CTAS. CTAS exhibits high rates of interobserver agreement among physicians and nurses. 12 Interrater agreement in Ontario between ED nurses and paramedics has been reported in abstract form, with a probability of agreement of 0.62 and agreement within one CTAS level in 96% of all cases. 13 All ambulance calls in our system resulting in patient transport are assigned an MPDS priority at time of dispatch, and a CTAS level is determined upon patient transport. Although MPDS and CTAS represent conceptually different scales, a general goal of dispatch prioritization of calls is to distinguish high-priority calls with a potential for requiring ALS from low-priority calls for which it is safe and appropriate to send BLS ambulances. The determination of both MPDS and CTAS on all patients in our EMS system affords a unique opportunity to evaluate the relationship between dispatch priority and EMT or EMT-P assessment of patient acuity and can be used to evaluate the performance of MPDS as a screening tool to identify patients with a need for more urgent EMS response and ALS resources. Accordingly, our objective was to assess the performance of MPDS protocols by comparing the dispatch assessment of patient acuity (as predicted by MPDS dispatch priority) with paramedic assessment of patient acuity (measured by the out-of-hospital CTAS level). 
Study Setting and Population
Toronto has a single, multitiered, municipally based EMS provider. Various combinations of firefighter BLS first responders, EMT-staffed BLS ambulances, and EMT-Pstaffed ALS ambulances respond to calls for medical assistance. Toronto EMS dispatchers interrogate callers by using the MPDS protocols to assign a dispatch priority. Each priority is associated with a specific response level (i.e., type of emergency responders), and response mode (i.e., lights-and-siren vs. routine).
Study Protocol
The Toronto EMS VisiCAD database (version 1.9, TriTech Software Systems, San Diego, CA) was searched to obtain all emergency calls for the study period. Duplicate calls, calls with incomplete data, and interfacilitybooked transfers were excluded. Calls canceled before making contact with a patient or as a result of patient refusal of transport were excluded, because no CTAS was recorded for these calls.
Data Analysis
Although it is possible to directly compare the five-point MPDS scale with the five-point CTAS scale, we dichotomized both the MPDS and CTAS into high-and lowacuity categories. A 2 Â 2 contingency Table 3 shows the number, MPDS priority, and CTAS level of the call types in the dispatch database meeting inclusion criteria. The sensitivities, specificities, PPVs, NPVs, and their respective 95% CIs are reported in Table 4 . The overall sensitivity of MPDS was 68.2% (95% CI = 67.8% to 68.5%), with a specificity of 66.2% (95% CI = 65.7% to 66.7%). The overall PPV for MPDS was 80.3% (95% CI = 80.0% to 80.7%), and the overall NPV was 50.7% (95% CI = 50.2% to 51.1%). Aside from the protocol for electrocutions, which has wide confidence intervals because of a low number of calls, the protocol with the highest sensitivity for detecting high acuity of illness was the breathingproblem protocol, with a sensitivity of 100.0% (95% CI = 99.9% to 100.0%). Aside from the protocol of animal bites (which accounted for only 0.08% of calls), the most specific protocol was the one for psychiatric problems, with a specificity of 98.1% (95% CI = 97.5% to 98.7%). The protocol with the highest PPV was cardiac arrest (PPV 92.6%, 95% CI = 90.3% to 94.3%), and the protocol with the highest NPV was convulsions (NPV 85.9%, 95% CI = 84.5% to 87.2%). The best performing protocol overall was the cardiac arrest protocol, with the highest proportion of true positives and true negatives (91.8% of all cases were identified correctly as high acuity). The protocol with the overall poorest performance was the one for unknown problems, with only 42.3% of cases identified correctly as true positives or true negatives. Sixteen of 32 protocols had sensitivities of less than 50%.
DISCUSSION
Determining the performance of emergency medical dispatch systems is a challenge. No standards or benchmarks currently are defined that can be used as a yardstick to measure dispatch performance. 6 An ideal system would mobilize EMS resources in a manner that is timely and appropriate to patient acuity and would have the ability to positively influence patient outcomes. This would be balanced by the ability to ration scarce resources and limit the use of so-called hot lights-and-siren responses.
The Medical Priority Dispatch System is a widely used series of dispatch protocols that is used to identify calls requiring urgent responses or ALS resources. Previous studies examining the ability of MPDS to identify patients not requiring ALS care have shown mixed results. 14, 15 Various illness-acuity markers have been defined that correlate with the patient's need for acute intervention and outcomes. CTAS is a consensus guideline and was developed to define a patient's need for ED evaluation and management and was based on the relationship between patient presentation and ED discharge diagnosis. 7 Because CTAS is routinely collected for all patients transported in our EMS system, it is ideally suited as a benchmark with which to compare MPDS priority. However, a direct correlation between the two scales has limitations, because they are instruments designed for different purposes and would not be expected to exhibit a high degree of agreement. Insofar as high patient acuity could be expected to need a higher level of provider expertise or perhaps out-of-hospital intervention, it is reasonable to expect that a dispatch tool to determine need for type of emergency responder also should detect those patients who are acutely ill. Therefore, both MPDS and CTAS were dichotomized into high-acuity and lowacuity categories for this analysis. By using CTAS as the gold standard (i.e., high or low acuity in the judgment of paramedics), the performance of dispatch protocols to detect high patient acuity was described in terms of sensitivity, specificity, PPV, and NPV.
Dispatch protocols for breathing problems, psychiatric problems, cardiac arrest, and convulsions performed well in identifying patients with high acuity of illness or in ruling out high acuity. These protocols represent only about 20% of patient transports in our database. Sixteen of the 32 protocols (the interfacility transfer protocol was excluded from the analysis) performed no better than chance at detecting high patient acuity.
The strength of the current study is that these methods could highlight areas for improvement of the dispatch protocols. Priority Dispatch Corporation, the producer of MPDS, engages in frequent revisions of their product. Future studies could use these methods to assess the sensitivity and specificity of each particular question on the dispatch protocol and to identify those questions that are most or least useful in identifying high or low patient acuity.
This study is one of a very limited number of studies that attempt to link dispatcher assessment of severity of illness with patient acuity measured by EMTs and EMTPs. The strengths of the present study are the use of a large data set and the ability to compare the MPDS dispatch priority to out-of-hospital CTAS. Other studies conducted in this area use non-MPDS dispatch algorithms or nonstandard patient severity scores. 16, 17 The MPDS is widely used and represents an important target for study. Linkage of MPDS to CTAS is possible in our system because both scores are routinely collected on all ambulance transports.
LIMITATIONS
This was a retrospective observational study and had inherent limitations in its design. EMTs and EMT-Ps were not blinded to the MPDS priority, and their determination of CTAS level may have been contaminated by this knowledge. However, this has the potential to bias the results toward higher levels of sensitivity and specificity. To the best of our knowledge, the only studies examining the external validity of CTAS scores are published in abstract form, and there are as yet no reports in refereed clinical journals on its correlation with other outcomes. A comparison between MPDS and either ED CTAS level (by a blinded triage nurse) or eventual outcomes, such as length of stay, admission rate, or death rate, would have provided a better index of dispatch performance. The logistical effort involved in obtaining and reviewing hospital records from more than 20 EDs for the thousands of patients involved was not feasible. Either the MPDS dispatch priority or CTAS level was not recorded for 21.4% of calls. It is unknown whether the missing data was a possible source of bias.
The Toronto EMS dispatch center is not currently accredited by the National Academy of Emergency Dispatch, and MPDS priority assignment may have been affected by dispatcher compliance with protocols. Accreditation by the National Academy of Emergency Dispatch requires review of a minimum of 3% of calls, in which a total compliance score of 90% is achieved. During  2003-2004, 0 .31% of all calls in Toronto were reviewed for quality assurance purposes. A query of the Toronto EMS dispatch quality assurance database (AQUA version 3.4, build 18, Priority Dispatch Corporation, Salt Lake City, UT) has documented a 91.2% total compliance score (Mark Toman, Toronto Emergency Medical Services, personal communication, 2005).
A secondary disadvantage of using CTAS as the criterion standard with which to compare dispatch priority is that the acuity (and hence CTAS) of some illnesses may change substantially after out-of-hospital intervention (for example, improvement in level of consciousness after cessation of seizures or correction of hypoglycemia). Although this type of call mandates a high priority response, the out-of-hospital intervention sometimes may substantially decrease the patient acuity score, and this may falsely have lowered the specificity of some protocols. Finally, our findings were obtained in a large urban setting with a single third-service municipal EMS provider and therefore may not be applicable to other settings.
CONCLUSIONS
The comparison of MPDS to CTAS represents a novel method of evaluating dispatch protocols. MPDS exhibits at least moderate sensitivity and specificity for detecting high acuity of illness or injury. Protocols for breathing problems, psychiatric problems, convulsions, and cardiac arrest performed well at identifying acutely ill patients. Sixteen protocols performed no better than chance alone at identifying high-acuity patients. This type of analysis can be used to select target protocols for future revisions of the MPDS.
